Introduction
Plant reovirus subgroup 1 consists of rice dwarf virus (RDV), wound tumor virus (WTV) and rice gall dwarf virus (Boccardo & Milne, 1984) . The viruses in this group are transmitted by leafhoppers and have a genome made up of 12 segmented dsRNAs. The sizes of the ROV genome segments are between about 1000 and 4500 nucleotides (Uyeda et al., 1990) . The purified virions of the group exhibit RNA polymerase activity in vitro (N uss & Peterson, 1981 ; Uyeda & Shikata, 1984; Yokoyama et al., 1984) .
During the last few years, the complete nucleotide sequences of several segments of ROV and WTV have been determined and information on the coding assignment of some genome segments has been obtained (Anzola et al., 1987 (Anzola et al., , 1989a Asamizu et al., 1985; Oall etal., 1989; Uyeda et al., 1987 Uyeda et al., , 1989 Omuraetal., 1988 Omuraetal., , 1989 Fukumoto et al., 1989; Nakashima et al., 1990) . The assignment of structural and non-structural viral polypeptides to all the genome segments has been proposed for WTV (Xu et aI., 1989) . Comparison of the deduced amino acid sequences showed significant homologies between comparable segments of the two viruses. The amino acid sequence of a minor outer capsid protein encoded by genome segment II of WTV had homology to a protein encoded by ROV genome segment 9. The sequence of the WTV genome segment 10 encoding a non-structural polypeptide showed significant homology to that of RDV genome segment 10. The genome segments 7 and 8 of RDV were assigned to the 60K core protein and a major outer capsid polypeptide, respectively Nakashima et al., 1990) . 0000·9601 © 1990 SGM in the deduced polypeptide. Considerable amino acid sequence homology was detected between genome segment 4 of ROV and wound tumor virus (WTV). One of the sequences similar to the 'zinc-finger' motif was present in a conserved region of the polypeptide of both viruses. However, the sequence similar to the purine NTP-binding motif was not present in the polypeptide encoded by genome segment 4 of WTV.
Little information is available on genome assignment and function of genome segment 4 of RDV. It has been reported that the ability to induce severe stunting in rice plants is associated with a mobility shift of genome segment 4 in PAGE (Kimura et al., 1987) .
In this paper, we have determined the complete nucleotide sequence of the RDV genome segment 4 and possible functions of the polypeptide encoded by the segment are discussed.
Methods
Viral RNA preparation. Purification of RDV, synthesis of viral transcripts in vitro from the purified virus arid extraction of viral dsRNAs and ssRNA transcripts were done as previously described (Uyeda & Shikata, 1984) .
Terminal sequencing of viral RN As. The 5' termini of genome dsRN As and transcripts were labelled with 32p by T4 polynucleotide kinase (Takara Shuzo Co.) after treating with calf intestine alkaline phosphatase (Boehringer Mannheim). The labelled genome segments of dsRNA were separated by 10% polyacrylamide gel electrophoresis (PAGE) according to Laemmli (1970) , while the labelled transcripts were separated by 3% PAGE in Tris-boric acid-EDTA containing 8 M·urea as previously.described (Uyeda & Shikata, 1984) . Individual segments were eluted from the crushed gel (Smith, 1980) and partially degraded in 100 mM·NaOH for 60 min at 100°C. The nucleotide sequence was determined by a wandering spot analysis (De Wachter & Fiers, 1972; Rensing & Schoenmakers, 1973) . The alkali·treated RNAs w~re run in 7-4% PAGE gels with citric acid pH 3·5 containing 6 M· urea in the first dimension and in 20% PAGE gels in 50 mM·Tris, 50 mM·boric acid in the second dimension. The sequence was read after autoradiography of the gel at 6°C for 2 to 4 days.
The 5'·terminal nucleotides were determined by polyethylenimine (PEI)-cellulose chromatography of complete P I nuclease digests of the labelled RNAs. The PEI-cellulose sheet was developed in 0-4 M·LiCI in a moist chamber and was autoradiographed.
cDNA cloning and sequencing. Oligo(A) was added to the viral transcript by poly(A) polymerase and oligo(dT)-primed cDNA synthesis was ca·rried out according to the method of Gubler & Hoffman (1983) . After homopolymeric tailing with oligo(dC), the cDNA was inserted at the PstI site of pBR322 and Escherichia coli strain HBIOI was transformed with the recombinant DNA by the CaCI 2 method (Maniatis et al., 1982) .
. cDNA inserts were screened by colony hybridization using 32p_ labelled genome segment 4 dsRNA as a probe (Jordan & Dodds, 1983) . Assignment of the cDNA inserts to genome segment 4 was confirmed by alkaline blotting analyses as described by Li et af. (1987) . In brief, genome dsRNA was separated by 5% PAGE in Tris-acetate-EDTA buffer (Uyeda & Shikata, 1984) and transferred to a nylon membrane in 0·2 M-NaOH for 30 min at room temperature. Transferred RNA was hybridized with a recombinant cDNA probe. The recombinant cDNA was labelled with [a-32 P]dCTP by the Klenow fragment of DNA polymerase after digestion with HapII (Maniatis et af., 1982) . Hybridization was at 52°C overnight in 50% formamide, 5 x SSC, 50 mM-sodium phosphate pH 6·5, yeast tRNA (500 Jlg/ml), 0·1 % SDS and 5 x Denhardt's solution. cDNAs were subcloned in M13mpl8 or M13mp19 by the method of Messing (1983) and sequenced by the dideoxynucleotide chain-termination method (Sanger et af., (977) using the Klenow fragment or T7 DNA polymerase. When the subcloned cDNA was too long for the sequence to be read, the insert cDNA was deleted sequentially by the method of Henikoff (1984) . Since cDNA clones did not cover .the 3'-terminal region, the viral transcript RN A was sequenced directly by reverse transcription using a dideoxynucleotide chain-termination method (Uyeda et af., (989) . A synthetic oligonucleotide complementary to 12 nucleotides of the 3'-terminal region was used as a primer.
Results

Terminal structure
The terminal nucleotides were determined by PEIcellulose chromatography. When the genome dsRNA was analysed, radioactivity was detected predominantly in nucleotide A ( 
Fig. 3. Assignment of the cDNA clone pRD3All to RDV genome segment 4 by alkaline blotting analysis. Lane I, total genome dsRNA was blotted, hybridized with 32P-Iabelled cDNA clone pRD3A11 and autoradiographed. Lane 2, total genome dsRNA was labelled with 32p, then blotted onto a nylon membrane and autoradiographed. Lane 3, total genome dsRNA was stained with ethidium bromide after electrophoresis.
into G but none at all in C and U. lncorporationof . radioactive phosphate into the guanosine mononucleotide was less than 50% of that into the adenosine mononucleotide. However, when the transcript was analysed, the radioactive phosphate was exclusively incorporated into the guanosine mononucleotide (Fig. 1) . Thus we concluded that the 5' termini of the plus and minus strands were G and A, respectively.
Terminal sequences of genome segment 4 were determined by wandering spot analyses of the 5' , ,
terminally labelled genome dsRNA and the transcript. The sequence Of the transcript was determined to be 5' NGUAAAUUGCUGC 3', Analysis of the 5' terminally labelled genome segment 4 dsRNA ,showed one pattern of sequence although a mixed pattern of spots derived from both plus and minus strands had been expected (Fig. 2 ). This single pattern was probably due to the uneven incorporation' of the radioactive phosphate into the termini as was revealed by PEl-cellulose chromatography analyses of the terminal nucleotides, The sequence derived was that of the minus strand because the sequence complementary, to the presumptive conserved 3'-terminal tetranucleotide (5' UGAU 3') was present and it was different from that obtained from the wandering analysis of the transcript (plus strand), The expected conserved terminal sequences of RDV (Uyeda et al., 1987 (Uyeda et al., , 1989 Omura et aI" 1988 Omura et aI" , 1989 were present in the genome segment 4 as 5' GGUAAA---UGAU 3'. Southern blot hybridization (Southern, 1975) hybridized specifically to genome segment 4 in alkaline Northern blot hybridization (Fig. 3) . The location of the cDNA clones pRD3A7, 3All, 4B2, 3G8 and ID6 togther with the direction and extent of determination of the sequence are shown in Fig. 4 . Most portions of the sequence were determined by reading from both directions using two different cDNA clones. Since the 3'-terminal portion of the genome was not covered by the cDNAs, the ·sequence was determined by reverse transcription of the viral transcript. The primer for direct RNA sequencing was designed based on the 3'-terminal sequence determined by the wandering spot analysis. One clone, pRDID6, contained the complete sequence of the 5' -terminal region.
Nucleotide and amino acid sequences
The genome segment 4 was 2468 nucleotides long and encoded a protein of 727 amino acid residues with Mr of denote hydrophobic residues, identical and equivalent amino acids, respectively. B19, BPV and SDV are the human parvovirus B19, bovine parvovirus and a densovirus from Bombyx mori, respectively. Fig. 5 and 6 ). A putative segment-specific inverted repeat was present at positions 8 to 14 and 2454 to 2460 as has been found in the other genome segments (Fig. 5 ) (Uyeda et al., 1989; Omura et aI., 1989) . Sequences similar to the 'zinc-finger' motif were present in the polypeptide from residues 231 to 335. The CX 2 CX 17 HX 2 C sequence from residues 311 to 335 fitted ' best to the consensus sequences CX2_4CX2_1SaX2_4a where a may be either cysteine or histidine (Berg, 1986) .
(
Furthermore a sequence similar to. the 'A' site of consensus purine NTP-binding patterns (Gorbalenya & Koonin, 1989) was present. The sequence present in the RDVpolypeptide was particularly similar to those of the NSI protein of viruses in the Parvoviridae (Fig. 7) . Although the sequence did not perfectly match the two proposed consensus patterns, deviations appeared to be within the range of those of other purine NTP-binding protein sequences listed in Fig. 7 .
Sequence comparison with WTV genome segment 4
The 5' non-coding regions of the two viruses have the same length with the initiation codon at nucleotides 64 to 66. Both viruses have the strong initiation context of 5' ANNAUGA proposed by Kozak (1987) . There were no sequence homologies in this region. The 3' non-coding regions of the two viruses differ both in length and sequence, and no sequence homology could be detected.
S' ignificant homology in amino acid sequence was detected in several regions of the two genes except for the N-and C-terminal regions (Fig. 6) . Secondary structure predictions made by the program D N ASIS based on a method of Chou & Fasman (1978) also showed similarity to each other except for N-and C-terminal regions (data not shown).
One of the sequences similar to the 'zinc-finger' motif present in the RDV polypeptide was conserved in the two viruses at comparable positions. These are the CX 2 HX 37 CX 2 C of RDV at residues 269 to 314 and CX 2 HX 3S CX 2 C of WTV at residues 274 to 319. A sequence similar to the purine NTP-binding consensus found in the RDV polypeptide was not present in the WTV polypeptide.
Discussion
We have determined the nucleotide sequence of RDV genome segment 4 and the amino acid sequence of an encoded polyeptide was deduced. The amino acid sequence showed significant homology to that of the WTV genome segment 4 indicating that both polypeptides have the same functional role. There was no similarity in the nucleotide sequence of the t~rminal noncoding regions of the two viruses. However, the presumptive segment-specific inverted repeat was present in the RDV genome segment 4.
Recent analyses of polypeptides interacting with nucleic acids have revealed two motifs. One is called the 'zinc-finger' of nucleic acid-binding proteins (Berg, 1986) , and the other is found among nucleotide~binding proteins (Dever et al., 1987; Gorbalenya & Koonin, 1989) . We found both motifs in the polypeptide encoded by RDV genome segment 4. In particular, the 'zincfinger' motif is likely to be functional, since it was also present in WTV genome segment 4 <l;t a comparable position in a highly conserved region. Although the sequence CX 2 CX I 7HX2C at residues 311 t0335 fits best to the consensus proposed by Berg (1986) in terms of the number of amino acid residues present in a loop, the conserved one at residues 269 to 314 (X 2 HX 37 CX 2 C) has a longer loop. The length of the loop appears to be more variable than those of the proposed consensus. For example, the recently characterized 'zinc-finger' protein of poly(ADP-ribose) polymerase has the sequence CX 2 CX 30 HX 2 C (Mazen et aI., 1989) . Whether these putative assignments are actually functional requires further analysis.
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